ABSTRACT A comparison is presented between the traditional "person-years" and more recently described "prospective model" methods for calculating mortality expectations. Problems arising from the fact that expectations under the person-years method are calculated on the basis that a null hypothesis is true, which results in artificial figures that, at least theoretically, are meaningless if the hypothesis is rejected, are discussed. Data are presented from two studies in which expectations have been calculated both ways, showing important differences between the two methods with an exaggeration of the expectation when the study group has an above normal mortality experience. It is suggested that the person-years methodology should be replaced by that of the prospective model.
The classic method of calculating expected deaths by a modified life table, customarily known as the "person-years method," is usually accepted without question although an alternative "prospective method" has been proposed.' The present paper will discuss some problems with the person-years methodology and compare results obtained by it with those obtained by the prospective method.
The ideal experimental model for research studies, typified by Bradford Hill in 1953 in his classic Cutter Lecture at Harvard,2 involves the forward observation and comparison of matched study and control groups. This is the preferred design used in random clinical trials and other prospective studies. It is, however, seldom possible in occupational mortality studies. The historical prospective design, which is commonly used, largely fulfills the forward observation element, but there is rarely even an adequate control group, much less a matched one. Lacking such, it has become customary to compare mortality rates of subjects with those of some other population-often the national rates, using a modified life table approach, usually referred to as the person-years method, to estimate the number of deaths that would have been expected. Problems of determining a suitable comparison population have been discussed extensively elsewhere3 and will not be considered here.
Problem
The origins of the person-years technique extend back Accepted 10 November 1986 to the early 1950s, the pre-computer era, when feasibility of manual calculations was paramount in determining methodology. Theoretical problems with the method have been voiced intermittently over the years beginning with Berkson in 1958,4 and subsequently by Miettinen,s Hyde, 6 Mantel et al,7 and others. Alternative methods were suggested but were never translated into changes in practice. A belated algebraic justification of the person-years method was published in 1983 by Berry.8 It seems, however, to be based on an assumption that the person-years expectation is about equal to that which might have been observed in an experimental model, an assumption which the present paper will suggest is not always true.
An important feature of the person-years method is that it is really a comparison of rates and not of actual numbers of deaths. It tests a null hypothesis that the mortality rate of the study group is the same as that of the control population and it does so without the use of a separate and truly independent control population. If the null hypothesis is true an expectation calculated by applying the control population's mortality rates to the study population's survival experience (the person-years method) will equal the observed mortality. This equality is susceptible to statistical testing. If there is no difference one fails to reject the null hypothesis and the expectation becomes uninteresting clinically. If one rejects the null hypothesis, howevr, the expectation becomes theoretically meaningless and should be discarded, as it was calculated on the basis that the hypothesis was true. One-has created an expectation that is just a The theoretical difference in outcomes of the two These data show that under some conditions the methods depends on the difference in their survival difference between the two methods is certainly more experience. That of the prospective model control than trivial. This would seem to negate Berry's group, which more nearly approximates the ideal assumption of their being "approximately" equal experimental model, may be considered the "normal" (however that imprecise concept should be defined pattern. If the study group has a higher than normal within the exactitude of statistical terminology). It has mortality (poorer survival) using this will result in a been suggested that the prospective method would relative deficit of person-years of observation and an yield rather meaningless data in prolonged studies underestimate of expected deaths (with inflation of when most subjects are dead, as both observed and standard mortality ratios (SMRs)). The converse expected would approach 100%. This is true, but if holds when the study group has a better than normal there were indeed differences in mortality patterns survival. This latter factor, which is common in they could easily be detected by observing any occupational studies, due to the healthy worker effect, difference in secular changes in rates. This could give will deflate SMRs even more by inflating the number invaluable information when an exposure may accelof expected deaths.
Experimental data
Data from two studies, for which expectations have been.'calculated both ways, are available. In the first Finkelstein et al reported expected deaths in four cohorts,.of workers with silicosis by the person-years method and also their actuarial survival probabilities. 9 The latter really form the basis for the prospective .model.. Finkelstein's data permit the calculation of the probability of dying (which is the equivalent of the expected number of deaths), both by the person-years and prospective methods, for each of the four subgroups of his study. The probability of dying may be calculated from these data either from the reported mortality experience or as the complement of the probability of survival,. with slightly erate the development of a disease, without actually increasing the incidence, which is seldom available now.
The person-years method results in an underestimation of expected deaths when a study cohort has an excessive mortality. Possibly its use in cohorts with grossly increased mortality rates from one cause may result in apparent excess mortality from other conditions due to this overall reduction in the expectations. This could explain the apparent excess of gastrointestinal and laryngeal cancer in some studies of asbestos workers. This, however, is a matter of relatively small moment and may be easily checked. Of much greater concern is the possibility that the exaggeration of the expected numbers in cohorts with lower than normal mortality-a common occurrence due to the healthy worker effect-may help mask real increases of occupational importance. The use of the person-years method in these circumstances, despite its reputed greater power to detect differences in mortality rates, may thus actually tend to hinder those who are trying to identify occupational hazards. It is suggested that the time may have come to replace it with the prospective method in the interests of accuracy and reduction of bias.
